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7KH YHU\ LPSRUWDQW SDUW RI WKLVPHWKRG LV WKH JHQHUDWLQJ RI DZHOOFKDUDFWHUL]HG QHXWURQ ILHOG IRU WKH GLVN
LUUDGLDWLRQ7KHQHXWURQ VSHFWUDVKRXOGEHRIGLIIHUHQWVKDSHRYHUODSSLQJDQGFRYHULQJ WKHHQHUJ\UDQJHRI
LQWHUHVWLQRUGHUWRREWDLQWKHQHXWURQH[FLWDWLRQIXQFWLRQ7KHVHVSHFWUDZHUHREWDLQHGE\DFRQWUROOHGHQHUJ\
GLVWRUWLRQ RI D ZHOONQRZQ TXDVLPRQRHQHUJHWLF QHXWURQ ILHOG JHQHUDWHG E\ DQ HOHFWURVWDWLF LRQ EHDP
DFFHOHUDWRUXVLQJWKH+GQ+HDQG+GQ+HQXFOHDUUHDFWLRQV
7KH JDPPDUD\PHDVXUHPHQWV RI WKH QHXWURQLQGXFHG DFWLYLWLHV ZHUH FDUULHG RXW XVLQJ ORZEDFNJURXQG
KLJKSXULW\ JHUPDQLXP GHWHFWRUV  )URP WKH QXPEHU RI QHW FRXQWV LQ WKH SHDN RI LQWHUHVW1 WKH VSHFLILF
DFWLYLW\SHUDWRPRIWKHDFWLYDWHGWDUJHWLVRWRSHV&ZDVFDOFXODWHGDV
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JPRO1$LVWKH$YRJDGUR¶VFRQVWDQWuPROPLVWKHPDVVRI
WKHGLVNJHLVWKHIXOOHQHUJ\SHDNHIILFLHQF\3JLVWKHJDPPDUD\HPLVVLRQSUREDELOLW\,$LVWKHLVRWRSLF
DEXQGDQFHOLVWKHGHFD\FRQVWDQWVWPLVWKHPHDVXUHPHQWWLPHVDQGWFLVWKHFRROLQJWLPHV

'HWHUPLQDWLRQRIWKHGHIDXOWQHXWURQH[FLWDWLRQIXQFWLRQ

7KHLQWHJUDOQHXWURQIOXHQFLHVĭNDQGWKHDYHUDJHHQHUJLHV N( FDOFXODWHGDFFRUGLQJWRHTIRUHDFKLUUDGLDWLRQ8VLQJWKLVGDWDDQGWKHYDOXHVRIWKHPHDVXUHGVDWXUDWHGDFWLYLW\WKHYDOXHVRIWKHQHXWURQDYHUDJH
FURVVVHFWLRQV NV ZHUH GHWHUPLQHG 7KHUHIRUH QLQH YDOXHV RI WKH QHXWURQ H[FLWDWLRQ IXQFWLRQ IRU WKH,QQQ
P,Q UHDFWLRQ DQG  YDOXHV IRU WKH ,QQQ
P,Q UHDFWLRQ ZHUH REWDLQHG LQ WKH HQHUJ\ UDQJH
IURP0H9XSWR0H97KHREWDLQHGYDOXHVIRU
N(
V DUHSUHVHQWHGZLWKWKHHUURUEDUVLQ)LJ
7KH GHSHQGHQFH RI NV RQ N( ZDV OLQHDUO\ LQWHUSRODWHG EHWZHHQ HDFK WZR DGMDFHQW H[SHULPHQWDOYDOXHV7KHUHVXOWVRIWKHOLQHDUO\LQWHUSRODWLRQZHUHFDOFXODWHGLQWKHHQHUJ\UDQJHEHWZHHQWKHPLQLPXPDQG
WKHPD[LPXPYDOXHVRI N( E\WKHELQZLGWKVRIǻ(Q 0H9)LJ,Q)LJDUHDOVRSUHVHQWHGWKHXQFHUWDLQW\LQWHUYDOVIRUWKHGHWHUPLQHGGHIDXOWIXQFWLRQV7KHVHLQWHUYDOVDUHREWDLQHGDVDVXPRIWKHVTXDUH
XQFHUWDLQW\ IRU WKH NV DQG N( 6LQFH WKHPD[LPXPQHXWURQHQHUJ\ LQ WKLVPHDVXUHPHQWZDV0H9RXU GHIDXOW H[FLWDWLRQ IXQFWLRQV ZHUH DSSUR[LPDWHG E\ D IODW FXUYH EHWZHHQ  0H9 DQG WKH PD[LPXP
QHXWURQHQHUJ\LQWKLVPHDVXUHPHQWRI0H9





DE


)LJ'HWHUPLQDWLRQRIWKHGHIDXOWH[FLWDWLRQIXQFWLRQIRUDWKH,QQQ
P,QE,QQQ
P,Q7KHEODFNGRWVZLWKHUURUEDUV
LQGLFDWHWKHYDOXHVRIWKHFURVVVHFWLRQFDOFXODWHGEDVHGRQHTWKHUHGOLQHUHSUHVHQWVDOLQHDULQWHUSRODWLRQRIWKHH[SHULPHQWDOGDWD
DQGWKHGRWWHGOLQHJLYHVWKHHUURUEDQGVIRUWKHGHIDXOWH[FLWDWLRQIXQFWLRQ


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5HVXOWVDQGGLVFXVVLRQ

)RUWKHXQIROGLQJSURFHGXUHZHXVHGWKHVRIWZDUH:LQ'21$ZKLFKZDVGHYHORSHGDW,500/|YHVWDP
HWDO:LHVODQGHUHWDO7KLVVRIWZDUHLVEDVHGRQWKH0$;('DOJRULWKP7KHXQIROGLQJZDV
SHUIRUPHGIRUELQVF DVVWDWHGLQHTFRYHULQJWKHUDQJHIURP(Q WR0H97KHILQDO
H[FLWDWLRQIXQFWLRQVDUHJLYHQLQ)LJVDQGWRJHWKHUZLWKWKHH[SHULPHQWDOGDWDFRPSLOHGLQ(;)257KH
(;)25([SHULPHQWDO1XFOHDU5HDFWLRQ'DWD,QWKLVVWXG\ZHDOVRFRPSDUHGRXUUHVXOWVZLWKWKRVHIURP
/|YHVWDPHWDO,Q)LJZHVKRZIRUERWKUHDFWLRQV,QQQ
P,QDQG,QQQ
P,QWKHGHIDXOW
FXUYHVIURP/|YHVWDPHWDODQGIURPWKLVZRUNDVZHOODVWKHREWDLQHGXQIROGHGIXQFWLRQVLQERWK
ZRUNV7KHUHVXOWVVKRZWKDWWKHXQIROGHGH[FLWDWLRQFXUYHVIURPWKLVZRUNDQGIURPWKHSUHYLRXVZRUNIURP
/|YHVWDPHW DODUH IROORZLQJ WKH VDPH WUHQG$VKDUS UHVRQDQFHOLNH VWUXFWXUH DSSHDUVDURXQG
0H9 IRU WKH ,QQQ
P,Q UHDFWLRQ DQG DURXQG 0H9 IRU WKH ,QQQ
P,Q UHDFWLRQ ZKLFK LV QRW
SUHVHQW LQ WKHH[SHULPHQWDOGDWD7KLV VWUXFWXUHDSSHDUHGDOVR LQ WKHSUHYLRXVZRUN IURP/|YHVWDPHW DO

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
















)LJ8QIROGHGH[FLWDWLRQIXQFWLRQIRUWKH,QQQ
P,QUHDFWLRQREWDLQHGLQWKLVZRUNSUHVHQWHGE\WKHIXOOUHGOLQH(;)25GDWDLV
SUHVHQWHGE\RSHQEODFNGRWV7KH(;)25([SHULPHQWDO1XFOHDU5HDFWLRQ'DWD
















)LJ8QIROGHGH[FLWDWLRQIXQFWLRQIRUWKH,QQQ
P,QUHDFWLRQIRUGLIIHUHQWV\PEROVVHHFDSWLRQRI)LJ
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E

)LJ&RPSDULVRQRIWKHQHXWURQH[FLWDWLRQIXQFWLRQIRUDWKH,QQQ
P,QE,QQQ
P,QUHDFWLRQVIURPWKLVVWXG\DQGIURP
WKHSUHYLRXVZRUN/|YHVWDPHWDO'DVKHGEODFNOLQH±GHIDXOWIXQFWLRQIURPZRUN/|YHVWDPHWDOGDVKHGUHGOLQH±
GHIDXOWFXELFVSOLQHLQWHUSRODWHGIXQFWLRQVROLGUHGOLQH±XQIROGHGIXQFWLRQLQWKLVZRUNEODFNOLQH±XQIROGHGIXQFWLRQIURP/|YHVWDP
HWDO

&RQFOXVLRQ

,Q WKLV ZRUN ZH LQYHVWLJDWHG D QHZ DSSURDFK IRU REWDLQLQJ WKH JXHVV GHIDXOW IXQFWLRQ IRU WKH
XQIROGLQJSURFHGXUH:LWKLQ WKLV DSSURDFKZH WUDQVIRUPHG DQXQGHUGHWHUPLQHG V\VWHPRI HTXDWLRQV LQWR D
V\PPHWULFGHWHUPLQHGV\VWHPRIHTXDWLRQVZKHUHWKHQXPEHURIHTXDWLRQVLVGHWHUPLQHGE\WKHQXPEHUVRI
PHDVXUHGGLVNV7KLVLVSRVVLEOHZKHQHDFKQHXWURQILHOGKDVDEURDGHQHUJ\UDQJHZLWKVXIILFLHQWRYHUODS
EHWZHHQDGMDFHQWQHXWURQ ILHOGVDQGGLIIHUHQWPHDQHQHUJ\:H WHVWHG WKLV QHZPHWKRGE\GHWHUPLQLQJ WKH
QHXWURQH[FLWDWLRQIXQFWLRQIRUWKH,QQQ
P,QDQG,QQQ
P,QUHDFWLRQV7KHREWDLQHGUHVXOWVVKRZ
WKDW WKLV DSSURDFK FDQSURYLGH UHOLDEOH LQSXW GDWDZLWKRXW WDNLQJ LQWR DFFRXQW DV DSULRUL LQIRUPDWLRQRWKHU
H[LVWLQJH[SHULPHQWDOUHVXOWVIRUFRQVWUXFWLQJWKHGHIDXOWIXQFWLRQ,QWKLVZD\WKH,500PHWKRGWRPHDVXUH
QHXWURQ H[FLWDWLRQ IXQFWLRQV FDQ EH DSSOLHG ZKHQ WKH H[LVWLQJ H[SHULPHQWDO GDWD DQGRU WKHRUHWLFDO
FDOFXODWLRQVFDQQRWSURYLGHHQRXJK LQIRUPDWLRQQHFHVVDU\ WRREWDLQD UHDVRQDEOHGHIDXOWJXHVV IXQFWLRQ IRU
WKHXQIROGLQJSURFHGXUH

$FNQRZOHGJHPHQWV

:HDUHJUDWHIXOWR*/|YHVWDPDQG0+XOWIRUYHU\XVHIXODGYLFHDQGGLVFXVVLRQ

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